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ABSTRACT
Finding an optimum ratio of return and risk of investment projects is the key problem in overcoming 
the unfavorable conditions of oil prices and the reduction of proﬁtability of the oil and gas industry. 
Search for investment opportunities associated with the potential willingness of oil companies to raise 
funds in new projects, leading to the need for improved tools maximize the return of investment activity 
in the conditions of uncertainty and risk. In the article the authors propose an original approach which 
allows solving the problem of formation of a portfolio of investment projects that achieve the maximum 
return on the risks assumed. The approach includes a method for determining the credit quality of the 
investment project on the basis of probability of default. This method is based on a comprehensive 
multivariate analysis of the investment project. Factors model aimed at the country and regional analy-
sis, identiﬁcation of foreign exchange, operational, technological and ﬁnancial risks of the project and 
obtaining the integral evaluation of the project credit. The approach also includes economic capital 
modeling based on the MV-model (Merton-Vasicek-model), allowing achievement of the target level 
of creditworthiness of an oil and gas company in the long run. The proposed method of estimating 
project proﬁtability is based on RAROC (risk-adjusted return on capital) methodology which enables 
calculation of proﬁtability of projects based on their riskiness. The results can be used by management 
of oil and gas companies, investors and analysts in making ﬁnancial decisions.
Keywords: default, investment, long-term sustainability, Merton-Vasicek method, oil and gas company.
1 INTRODUCTION
Given the current dynamics to date, the oil and gas industry is characterized by the following 
relevant risks of key importance for investment such as unstable price situation, growth of the 
stocks extraction cost or development of alternative energy sources, improvement of energy 
technologies.
Accounting for these risks plays a key role in determining the return on investment and 
making investment decisions. However, for potential investors, along with the yield and pay-
back period, there is an undated question: how sustainable is a particular oil and gas company, 
what are its development outlooks, and what speciﬁc risks the investment project may 
run into.
Therefore, there is an emerging complicated problem consisting not only in the study into 
latent risks run by an oil and gas company, but also in the analysis of the company’s long-
term ﬁnancial sustainability in the realisation of multidirectional investment projects, taking 
into account the probability of default and volatility of mineral commodity markets. The 
objective of the presented paper is to study the impact of the risk’s level and proﬁtability of 
investment projects in the oil and gas sector on the long-term sustainability of the industry 
company and optimization of these processes.
The undertaken study resulted in the developed proprietary approach to the assessment of 
oil and gas company’s economic capital, which allows online identiﬁcation of the most 
 critical points in the implementation of respective investment projects, and development of a 
corporate long-term ﬁnancial sustainability management program.
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2 DEVELOPMENT OF LONG-TERM SUSTAINABILITY  
FOR OIL AND GAS COMPANIES
The current economic literature gives a variety of deﬁnitions for long-term sustainability of a 
company. Within the framework of this study, deﬁning its principal development vector, the 
long-term ﬁnancial sustainability of an oil and gas company should be deemed to be the ability 
of the business to ensure the continuity of performance, the stability of revenue generation with 
the continued capability of cost optimisation and high level of innovation activity considering 
sustainable competitive edges, unique market position and destabilising environmental exposure.
The basic factors affecting the development of long-term ﬁnancial sustainability of an oil 
and gas company were listed above. Nevertheless, the modern risk-oriented approach to 
assessment of corporate sustainability deﬁnes a number of additional factors, such as: level 
of assumed risk within the implementation of a speciﬁc investment project undertaken by an 
oil and gas company, related probability of the project default, as well as the company’s 
 ability to cover the default losses, i.e. the amount of economic capital [1, 2].
2.1 The role of economic risk management in industrial development
The internal and external environment of an industrial company is equally a source of oppor-
tunities for the realization of competitive advantages and a source of hazards for industrial 
development. Economic impacts from the implementation risks can be the following [2]:
1. Direct losses associated with material damage inﬂicted on a company (losses of  resources, 
ﬁxed assets, intangible assets).
2. Deﬁciency in planned proﬁt, cash ﬂow due to the reduction of income, excess spending 
growth, loss of beneﬁt, use of investment alternatives.
Due to the complexity of the technological environment, economic and ﬁnancial relations, 
the growing of uncertainty risk factors as the main problem of risk management in industrial 
development acquire special signiﬁcance for long-term business planning and strategy imple-
mentation.
The variety of risks that track the development of industrial companies includes several 
economic risks. The quality of risk management is deﬁned by:
1. The continuity of supply, which is the main condition for regular industrial production.
2. The stability of production sales and operating cash ﬂow of the business.
3. The efﬁciency of investment activity, adherence to which is achieved by proper selection 
of investment projects and business portfolio of a company.
4. Business supporting the necessary ﬁnancial resources for current operations, capital pro-
grams, technological level maintenance and modernization of production capacities.
In this regard, sustainable industrial development is impossible without an effective mech-
anism for the identiﬁcation, evaluation and management of economic risks.
2.2 Speciﬁcs of investment risks run by oil and gas companies as an assessment factor for 
long-term ﬁnancial sustainability
Within the framework of this study, twelve principal risks were considered including those of 
latent nature, which emerge during implementation of investment projects undertaken by oil 
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and gas companies. All speciﬁc risks are divided into two groups according to the level of 
impact on the oil and gas company: exogenous risks and endogenous risks [2, 3]. Below is 
given a brief characterisation of each of the groups.
The exogenous risks are independent of operations conducted by the oil and gas com-
pany and are beyond its control. In this study, the following risks are considered as 
such:
s  The risk of “state attractiveness” characterised by the investment climate of a country 
where the company is operating (X1).
 s The risk of “regional attractiveness” characterised by the investment climate and 
 developmental trends of a region where the company’s investment project is being imple-
mented (X2).
 s Mineral resource-related risk: global trends in the overall sector development considering 
the volatility of mineral commodity market (X3).
 s Government support-related risk: pursuit by a government in the country where the com-
pany is situated to make public investments, guarantee a certain level of return on private 
investments (X4).
s  Currency-related risk characterised by potential losses for the company as a result of 
 adverse changes in foreign exchange rates (X5).
The endogenous risks are the outcome of assessment and analysis into all spheres of oper-
ations and ﬁnancial activities undertaken by the oil and gas company. The following risks are 
considered as such:
s  “Operating” risk: general deterioration of the company’s ﬁnancial standing as a result of 
inefﬁcient operating activities (X6).
 s Investment project-related risk: risk of increase in company’s ﬁnancial losses related to the 
implementation of investment projects (X7).
 s Investment risk: risk of general deterioration of company’s ﬁnancial standing as a result of 
inefﬁcient miscellaneous investment activities (X8).
 s Underfunding risk: risk related to the investment project cost growth (X9).
 s Risk of contingent ﬁnancial losses which are difﬁcult to forecast and are of a latent 
nature (X10).
 s Environmental risk characterised by excessive industrial emissions to the environ-
ment (X11).
s  Technology-related risk: plant and equipment renewal rate (X12).
The practical assessment and analysis of each of the presented risks are given in Section 5 
of this article.
3 RATING MODEL FOR ASSESSMENT OF INVESTMENT PROJECTS
A general methodology for assessment of long-term sustainability of investment pro-
jects based on calculation of company’s economic capital was presented by the authors in a 
number of works [1]. One of the components in this approach is a calculation of default 
probability for analysed investment projects, inextricably linked with the concepts of default 
modeling.
Review of the basic concepts is presented in paragraph 3.1.
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3.1 Methods of modeling risks of investment projects
Quantitative credit risk measurement has for a long time been one of the most urgent tasks of 
risk management in modern companies. In this connection, there has appeared a large num-
ber of studies on the issue of modeling of credit scoring of companies and investment projects. 
To build models of individual assessment of credit risk is an essential criterion for the credit 
risk indicator used by the method and model development. As a result, use may be made of a 
model limited to use in its building of the borrower’s ﬁnancial condition (default, no default) 
as an indicator of credit risk, as well as models developed on the basis of market information 
about the borrower. As part of the approach, using the ﬁnancial condition of a borrower as a 
risk indicator based on the criterion of the nature of risk factors, prediction microeconomic, 
macroeconomic and actuarial models may be identiﬁed. The model based on the market 
information proceeding from similar criteria, applies the methods based on market prices of 
shares on the basis of yield spreads of bonds, as well as the risk prediction model based on 
the CDS (credit default swap) spreads. Let us consider the basic approaches and models of 
credit risk assessment in more detail.
The generally accepted approach to assessing the credit risk that has gained wide popular-
ity among a large number of banks, investment analysts, consulting ﬁrms is the microeconomic 
approach. This approach is also termed balance or approach based on ﬁnancial performance, 
which limits its content, because bankruptcy risk assessment in the framework of this 
approach considers not only the factors of ﬁnancial statements of a project company, but also 
on its qualitative and economic characteristics [4].
Development of micro-economic approach has its origin in the 30s of the last century, 
when analysts and researchers, on the basis of observations of stable companies and ﬁrms 
experiencing ﬁnancial difﬁculties, noted signiﬁcant differences in their ﬁnancial  performance.
Fundamental research in the framework of this approach was the work of P. Fitzpatrick [5], 
who compared 13 ﬁnancial indicators for the success and failure of ﬁrms and concluded that 
the most signiﬁcant in predicting ﬁnancial difﬁculties were the ratio of equity and debt, as 
well as net income and equity capital. Initial risk prediction models were constructed to 
assess the companies, but in the subsequent approach to the project was the use of companies 
and investment projects in particular. Most of the data models are widely used in the 2000s 
and used to build equations on the basis of a wide number of factors, including such indica-
tors as ﬁnancing structure, coverage, design of liquidity, availability of experience in 
implementing and marketing component [6].
Development of Neurocybernetics apparatus and methodology of neural networks was the 
impetus to search for ways of its ofﬁce applications to solve diagnostic problems and predict-
ing bankruptcy of investment projects and project companies. Development of bankruptcy 
prediction models based on neural networks was started in the 90s of the last century and 
continues to the present day. The model based on neural networks is an artiﬁcial neural net-
work – a set of interconnected artiﬁcial neurons. Artiﬁcial neurons convert input pulses 
according to the values of the weights of synapses in the transfer function, which are the 
output neuron. The weights of the neurons are movable parameters and can change during the 
self-learning neural network. The neural network method has a number of signiﬁcant 
 advantages:
s  Ability to detect latent and non-linear relationships between variables.
 s The ability to adapt to changes in the environment due to the ability to learn.
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s  System fault tolerance of individual elements.
However, it should identify a number of drawbacks hindering the wider application of this 
method in practice:
s  The difﬁculty of explaining the hidden connections, the possibility of conﬂict with the 
theory and common sense.
 s Complexity of the machine tool, lack of understanding of the work and the organization of 
end-users network mechanisms.
 s Complexity of the neural network architecture increases the likelihood of illogical behav-
ior of the network.
 s Formation of a training sample to attain correct functioning of the neural network associ-
ated with signiﬁcant costs, and time and money expenditures.
s  Neural networks do not guarantee the optimal solution found.
Models based on market indicators, in contrast to the models used as a risk indicator of the 
ﬁnancial condition of the borrower, are based on the bond market information, stocks and 
derivatives. Information from the ﬁnancial markets reﬂects the expectations of the parties 
regarding the riskiness of ﬁnancial instruments and their issuers. The market, which takes into 
account every time a lot of ﬁnancial, information in general gives an objective assessment of 
the company’s risks. In this class of models, the spread of the approach is based on the option 
pricing theory, which has won wide popularity among the banks and rating agencies around 
the world. For the ﬁrst time, the idea of this approach for estimating the probability of bank-
ruptcy had been proposed by F. Black and M. Scholes in 1973. An important role in the 
development of this model belongs to Robert Merton and company KMV (Kealhofer, 
McQuown and Vašíþek Corporation, now it is Moody’s Analytics). Within the Merton model, 
or the KMV model, the key factors are the cost of bankruptcy forecasting ﬁrm’s assets, risk 
assets and ﬁnancial leverage. The cost of the company’s assets can be expressed in terms of 
the market value of equity and debt instruments. The risk factor of assets is put into the model 
via the volatility of the value of the company’s assets. Financial leverage is determined by the 
structure of funding. The Merton model key tenet acts on the assumption that the share of the 
company is equal to the option “Call” on the underlying asset with a strike price equal to the 
nominal debt of the company. Underlying asset in this situation are the assets of the company. 
For the owner of the option payoff corresponds to the difference between the market value of 
assets and the value of liabilities owed to creditors, and the loss is limited to the market value 
of owned assets. At the same time the gain is limited by the lender interest charged for the use 
of liabilities and losses included as accrued interest, and the body of the debt. If you allow 
excess of the amount of liabilities over the market value of the company’s assets, the use of 
the option becomes unproﬁtable to the buyer, the assets are transferred to the creditor, in the 
reverse situation, the settlement of liabilities is carried over to creditors.
One of the Merton models of development is the construction of hybrid models to predict 
the probability of bankruptcy. In the early 2000s, the ﬁrst hybrid models were proposed, 
combining both market information and data of ﬁnancial statements of companies to predict 
the probability of default. These models are the logical development of the Merton model to 
assess the probability of bankruptcy of a company. In 2000, Shobehart, Stein, Mikityanskaya, 
and Li developed a hybrid model for evaluating the probability of bankruptcy for public 
non-ﬁnancial companies in the US [7]. The sample consisted of 14,447 public companies, 
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923 of which defaulted. This model was aimed at early warning of changes in credit quality 
among corporate borrowers. The developed model is used the company’s credit rating, infor-
mation, ﬁnancial statements, market information (the volatility of stock prices and the rate of 
growth of capital) and macroeconomic variables. Similarly, the Merton model and the model 
of Shobehart et al. provides an estimate of the distance to default, which subsequently deter-
mines the probability of the borrower’s bankruptcy. The hybrid model of Shobehart et al. has 
advantages compared to the net structural model, which gives an advantage in precision in 
estimating the probability of default by the use of ﬁnancial reporting data and credit ratings.
As a result of the securitization of ﬁnancial markets - increasing the importance of the 
bond market as a source of funding for the company, it is the development of models that use 
the bond market indices as an indicator of the credit risk. These may include the prices for 
debt securities and interest rates. The use of models based on the market price of bonds is 
based on the risk-neutral approach, which considers that the risk-free ﬁnancial instruments 
and risky investments subject to equity yields are still attractive for investors. In connection 
with this, the risk-neutral valuation of bonds is determined based on discounted future cash 
ﬂows of the bonds at the risk-free interest rate.
The main hypothesis of models based on credit spread is that the yield spread, which 
reﬂects the difference between the yields on corporate bonds and risk-free interest rate, is 
determined by the value of the credit risk posed by these obligations. The growth of the prob-
ability of default increases the yield spread, and decrease of the probability of default leads 
to a decrease in the spread. At the same time, the yield spread is approximately estimated as 
the product of probability of default and the level of losses in case of default.
Credit risk is not the only factor that determines the amount of yield spreads on bonds, but 
many studies conﬁrm the presence of a statistically signiﬁcant relationship between the char-
acteristics of the ﬁnancial position of the company and the risk factors and the value of the 
bond spread [8].
Development of the market of derivative ﬁnancial instruments – CDS has created condi-
tions for the emergence of yet another class of market models. CDS is a derivative ﬁnancial 
instrument that provides insurance against default on debts. A CDS buyer pays a premium to 
the issuer for credit risk, and in case of default on the obligations, the issuer shall pay the 
purchaser compensation equal to the amount of debt and interest to maturity. Research CDS 
as an indicator of the risk of the project company presented empirical studies of CDS spreads 
determinants. At the same time, there are two approaches: those based on structural and on 
reduced form models. On the basis of research on corporate bond spreads of CDS, the 
researchers found that the main factors are the changes in CDS spreads of the individual 
features of the company: its rating, volatility of assets, changes in stock prices, ﬁnancial lev-
erage and market capitalization. The Benkert model [9] emphasizes the leading role of the 
volatility of the assets in explaining the dynamics of credit spreads. Abid and Naifar are ﬁve 
different variables that affect CDS spreads: credit scores, time to CDS contract maturity, the 
value of risk-free interest rates, the slope of the yield curve and volatility of the shares. 
In their estimate, these variables explain about 60% of the variation spreads CDS [10]. 
 Models based on the abbreviated forms suggest a default as a fully exogenous events, 
 independent of the balance sheet of the company.
3.2 Speciﬁcs of the rating model for assessment of investment projects
A widely accepted approach to assessing credit risk, gained wide popularity among a large 
number of banks, investment analysts, consulting ﬁrms, is a microeconomic approach. This 
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approach is also called the balance sheet, or an approach based on ﬁnancial performance, 
which in our view limits its contents, since to assess the risk of bankruptcy in the framework 
of this approach not only factors on the basis of the ﬁnancial statements of the borrower 
are used, but also the qualitative, economic characteristics of the company. In particular, 
the importance of assessing the quality of management in the construction of models of 
credit risk assessment is noted in George. Lopez, Rosner, Fumbles, Leach and Newson [5] 
who argue that the importance of the qualitative characteristics is in evaluating ﬁnancial 
stability in the conditions of manipulation of ﬁnancial statements in order to conceal the 
impending bankruptcy. In the context of misreporting data or ﬁnancial information deﬁcit, 
the role of high-quality and non-ﬁnancial factors in the prediction of bankruptcy increases. 
Development of micro-economic approach has its origin in the 30s of last century, when 
analysts and researchers on the basis of observations of stable companies and ﬁrms in ﬁnan-
cial difﬁculties, noticed signiﬁcant differences in their ﬁnancial performance. Fundamental 
research in the framework of this approach was the work of P. Fitzpatrick, who compared 
13 ﬁnancial indicators for successful and unsuccessful ﬁrms and concluded that the most 
signiﬁcant in predicting ﬁnancial difﬁculties were the ratio of equity and debt as well as net 
income and equity. The best-known model which resulted from the development approach 
has become the model by W. Beaver, E. Altman, R. Tishow and G. Tafﬂer, J.W. Wilcox, 
J. Olson [5].
Within the management of long-term ﬁnancial sustainability for oil and gas companies, the 
assessment of emerging investment risks run by the projects offered for implementation is 
made by using a logit model. This involves a logistic transformation applied to the forecast-
ing, based on the maximum likelihood (ML) method [11].
General form of the logit model is given in eqn (1) [11]:
 PD y
ei z
= =( ) =
+
−
1 1
1
, (1)
where PD - the investment project default probability; (yi = 1) - the case where the investment 
projects end in default; z = (b0+b1⋅Xi2+…+bn⋅Xin); Xij - the value of ﬁnancial indicator j for 
investment project i; bj - the estimated signiﬁcance of factor j.
The basis for the logit model is data characterising the borrower’s ﬁnancial activity. As a 
rule, the logit model includes at least ten ﬁnancial variables for analysis: equity to debt ratio, 
return on total assets, net earnings index, dummy variable characterising the sign of net earn-
ings for the previous two years, etc. [12].
Apart from the basic ﬁnancial indicators, the logit model considers the combination of 
exogenous factors (investment climate in the country and region, level of sector governmen-
tal support etc.), which play a key role in the process of ﬁnancial decision-making by the 
investor.
The use of the logit model results in the ultimate ranking of investment projects according 
to the default probability.
3.3 Application of rating model to the assessment of investment projects undertaken by oil 
and gas company
The model includes twelve risks described above; each of them has its own particular features 
within each of the investment projects of interest.
Given the difﬁculties in acquisition of statistical information on default probabilities for sim-
ilar investment projects, this study made use of the expert assessment method. A questionnaire 
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poll was conducted among heads of departments and divisional superintendents of an oil and 
gas company in Russia with respect to the assessment of presented risks according to the spec-
iﬁed scale [13].
This assessment resulted in the speciﬁcation of a logit model for the oil and gas company, 
applicable to each project i. The reﬁned z parameter in eqn (1) will assume the following 
form, such as eqn (2) [2]:
 z = 0.5578+1.0012⋅Xi1+0.8794⋅Xi2+0.1478⋅Xi3+0.9841⋅Xi4+0.5878⋅Xi5+0.6587⋅Xi6
 
+ 1.0231⋅Xi7+1.0488⋅Xi8+1.0488⋅Xi9+0.8974⋅Xi10+0.2358⋅Xi11+0.9875⋅Xi12 (2)
4 BASIC COMPONENTS OF CAPITAL RISK MODEL
The key parameters characterising an investment project for the purposes of assessing the 
economic capital are the following [1, 2, 4, 11, 12, 14]:
PD – probability of default. A key indicator characterising the project risk level and 
reﬂecting the potential probability of the investment project default.
LGD – loss given default. Expected average relative losses to be incurred by the company 
in case of the investment project default. In case of default, this portion of the investment 
project cost will be lost irrecoverably.
EAD – exposure at default. This characterises an absolute value of the investment pro-
ject and is determined by the project’s full actual or forecast capital, current and other 
costs.
M – maturity. An average period during which the risk maintains its position. This is deter-
mined by the project investment phase duration. The prolonged investment phase will lead to 
growth of risks due to increased uncertainty of the implementation results. The shortened 
investment phase will lower the overall project risk.
The PD assessment model as a component of capital risk was described above. The 
economic capital is calculated considering the probability of investment project default.
The PD parameter is assessed in 4 steps:
1. Data pre-processing for modeling is made based on the implementation statistics for 
the company’s investment projects over an extended period (at least 3 years). The key 
 parameters for assessment may be the LGD for each defaulting project or the RR (recov-
ery rate) characterising the percentage of the project cost, which was recovered as a cash 
ﬂow following the project default.
2. Classiﬁcation of investment projects by the criterion of LGD difference signiﬁcance. 
Clustering of investment projects may be based on the criteria of scale, objectives, effect 
types, implementation periods, cash ﬂow types, state of the economy and other criteria. 
The ﬁnal clustering shall be based on the criterion of signiﬁcance of average differ-
ences in the sample, which may be estimated using the Student t-test, Fischer F-test, 
Kolmogorov-Smirnov test, Mann-Whitney U-test [15].
3. Formulating the LGD distribution for each cluster. Based on the LGD statistical data the 
distribution for each classiﬁcation group is formulated.
4. Estimation of LGD distribution form and determination of key parameters. At this step 
the distribution form is estimated and parameters for LGD modeling in each classiﬁca-
tion group are determined. The distribution form may be estimated using the chi square 
test, Anderson-Darling test, Kolmogorov-Smirnov test [15].
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From henceforth, when modeling the economic capital by the Merton-Vasicek model the 
LGD numeric values will be used, however, for calculation of capital risk by simulation mod-
elling method, LGD may be used as a random variable with parameters speciﬁed in Section 4.
The maturity characterises the penalty on the prolonged investment phase. Additional 
adjustment for the capital risk for the project duration more than 1 year is made using 
eqn (3) [11]:
 M T b PD
b PD
=
+ − ⋅
− ⋅
1 2 5
1 1 5
. ( )
. ( ) , (3)
where M - maturity, T - investment project risk horizon, b(PD) = 0.00852 – 0.05489 ⋅ln(PD).
Shift and slope parameters for the maturity may be estimated by the company itself for 
different types of investment projects, based on the statistical data. Also, the model may be 
adjusted taking into account the investment project average duration [16].
Also, the concentration factor for the company’s investment projects may be considered a 
penalty, however, the concentration modelling is beyond this study.
5 APPLICATION OF ECONOMIC CAPITAL ASSESSMENT MODEL  
FOR AN OIL AND GAS COMPANY
Supposing that the investment program of an oil company includes 5 investment projects 
with the source parameters as given in Table 1.
Given the requirement to manage the long-term sustainability of oil and gas assets, deter-
mination of the ﬁnancial sustainability strategic level, which is the long-run target, is the 
important stage of risk management. This level of ﬁnancial sustainability may be determined 
using a target long-term credit rating the company is seeking to obtain. The company value 
and development strategy becomes an important factor in the risk assessment and manage-
ment. Each credit rating may be assigned a certain level of PD, depending on the forecasting 
horizon. One of the matching options for credit rating and probability of default is given in 
Table 2 [17, 18].
The probability of default determines the level of conﬁdence required to calculate the con-
tingent losses and economic capital of an oil and gas company, which is calculated using 
eqn (4):
 γ = 1 – PD,  (4)
where γ - the conﬁdence level determining the probability of smash up non-occurrence; PD - 
the probability of default corresponding to the target credit rating.
Table 1: Key parameters of investment project under implementation.
ʋ Projects
Full cost, 
$ million
Project implementation 
period, years
Probability of 
default, %
1 Replacement of cold water pump 10 0.3 3.5
2 Upgrading of main oil pipeline 45 2 8.1
3 Oil storage construction 35 2 8.5
4 Upgrading of oil reﬁning department 
at Reﬁnery
120 4 5.5
5 Upgrading of petrol station chain 30 2 5.4
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Based on the LGD distributions, an estimate of statistically distinctive LGD basic param-
eters for each type of investment projects was obtained. The distribution is presented in Fig. 1 
and Table 3.
The Merton-Vasicek model [4, 11] was used as a method for estimating the economic 
capital. The correlation coefﬁcient between the project indicators and macro indicators, 
which allows separating the idiosyncratic risk from the systematic risk, is estimated individ-
ually for each the project type. In this model the reliability parameter is speciﬁed at a level of 
99,97% which corresponds to the target credit rating BBB. The economic capital conception 
is presented in Fig. 2. The company’s economic capital is calculated using eqn (5) [1]:
 CaR EAD LGD N N PD R N
R
PD= ⋅ ⋅ ⋅ + ⋅
−
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟
−
⎛
⎝
⎜
⎜
⎞
⎠
⎟
⎟
− −1 1
1
( ) ( )
,
α
 (5)
Table 2: Correspondence between the probability of default and credit rating.
Rating 1-Y PD (%) 3-Y PD (%) 5-Y PD (%)
AAA 0.008 0.03 0.1
AA 0.04 0.16 0.28
A 0.16 0.4 0.58
BBB 0.3 1.4 3
BB 1.15 8.6 15
B 5.8 15.4 32.6
CCC or lower 26.57 45.5 60
Figure 1: LGD distribution for main types of investment projects.
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where CaR - company’s capital risk; N - standard normal distribution function; R - coefﬁcient 
of correlation between the project (company) indicators and the overall state of economy; 
α - level of reliability.
The calculation of capital risk required to attain sustainability corresponding to AAA, 
BBB, BB ratings is presented in Table 4. The calculations have shown that the higher is the 
target corporate credit rating, the higher requirements to capital are set by the model. Thus, 
to match AAA credit rating, the capital required to cover the losses from the implementation 
of investment projects is $ 57.41 m, to match BBB rating, $ 50.64 m, and to match BB rating, 
$ 6.85 m [19].
The results of the estimated required risk capital value can be used to make investment 
decisions. As an indicator for the selection of projects indicator RAROC can be used, the 
methodology of which is disclosed in [20]. Indicator RAROC, which takes into account the 
ratio of economic beneﬁts and risks, it is advisable to compare with the indicator HR (hurdle 
rate), describing the required return on equity. If the value exceeds the RAROC hurdle rate, 
the investment creates value if RAROC <HR, the price collapses. The calculation of RAROC 
for each project is presented in Table 5.
Table 3: LGD estimates for main types of investment projects.
Project duration/Project type Overhaul (%) Upgrading (%) New construction (%)
Short-term 12 45 65
Long-term 30 58 80
Figure 2: The economic capital conception.
Table 4: Calculation of capital risk for different levels of ﬁnancial sustainability.
Project EAD T PD LGD R CaRAAA CaRBBB CaRBB
Replacement of cold water pump 10 0.3 0.035 0.12 0.1 0.19 0.15 0.03
Upgrading of main oil pipeline 45 2 0.081 0.58 0.25 12.11 10.26 3.43
Oil storage construction 35 2 0.085 0.65 0.2 9.97 8.46 3.31
Upgrading of oil reﬁning 
department at Reﬁnery No 1
120 4 0.055 0.58 0.55 28.77 25.82 0.15
Upgrading of petrol station chain 30 2 0.054 0.58 0.62 6.38 5.95 -0.06
Total: 57.41 50.64 6.85
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The results show which projects are effective in view of risks, and which are unproﬁtable 
and destroy the value of the business. So, to implement suitable projects, Replacement of 
cold water pump, Upgrading of main oil pipeline, Upgrading of oil reﬁning department at 
Reﬁnery No 1 are appropriate. The project for the Oil storage construction and Upgrading of 
petrol station chain are destroying the value of the business, leading to implementation of a 
high risk and are inappropriate. Of course, a number of projects are complex and embedded 
in the production processes, in such situations RAROC assessment can be made on a portfo-
lio of investment projects, and the decision will be made regarding the multiple portfolios of 
investment projects.
6 CONCLUSIONS
The business competitive position largely depends on its ability to perform in a sustainable 
manner and to generate cash ﬂows. In this aspect, the key issue is the risk management prob-
lem, the solution of which is a pre-requisite for ensuring the long-term sustainability of 
companies. This problem acquires a special signiﬁcance under conditions of implementing 
the investment projects, which may either enhance the business efﬁciency and scale or lead 
the company to collapse. The capital management model which is widely used and com-
monly recognised in risk management is the basis for the approach offered by the authors to 
the risk management for oil and gas companies. A model for project default probability 
assessment was developed based on the rating system; a method is offered for estimation of 
capital risk key components, i.e. losses given default, exposure at default and maturity.
The research contribution is as follows:
s  Based on the study of the medium investment projects revealed that the orientation of the 
risk is a key factor in the success of the implementation of investment projects and maxi-
mizing the value of the oil and gas business;
 s Highlights the key factors of economic risk accompanying investment projects in the oil 
and gas business: risk of “state and regional attractiveness”, mineral resource-related risk, 
government support-related risk, currency-related risk, investment project-related risk, etc.;
 s An approach to the evaluation of the proﬁtability taking into account the risk, based on 
the basis of RAROC, has been adapted for use in assessing the proﬁtability of investment 
projects in the oil and gas industry, with industry-speciﬁc, certain key components of the 
risk model;
s  Disclosed the practical possibility of using the author’s approach on the example of the 
investment program of oil and gas companies.
Table 5: Evaluation of RAROC portfolio of investment projects.
Project EL ECAP NI
RAROC 
(%)
HR 
(%)
RAROCspr 
(%)
Replacement of cold water pump 0.27 0.66 0.34 11 10 1
Upgrading of main oil pipeline 1.44 3.40 1.92 14 10 4
Oil storage construction 1.93 8.46 2.10 2 10 −8
Upgrading of oil reﬁning department 
at Reﬁnery No 1
3.83 25.82 6.93 12 10 2
Upgrading of petrol station chain 0.94 5.95 1.06 2 10 −8
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The methodological approach to the assessment of investment portfolio risks based on the 
MV- model proves effective and simple in application, however, a number of lines for mod-
elling capital risk are promising. In particular, it is necessary to develop an approach to 
estimate the correlation between the investment projects and the overall state of the economy, 
which implicates the formulation of a multi-factor indicator allowing the global trends and 
their impact on investment activity to be identiﬁed. Also, an important problem consists in the 
reﬁning of EAD model, which considers the project cost distribution at defaulting. Solution 
of the said problems will allow ensuring the sustainable development of business under con-
ditions of uncertainty and risk.
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